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RESEARCH OBJECTIVES
Weathering rates of subsurface soil and rocks are difficult

to quantify because of the difficulties in assessing the amount
of reactive surface area and the thermodynamic potentials
driving the chemical reactions.  Mineral dissolution rates
measured in the laboratory typically predict rates that are 2 to
4 orders of magnitude faster than estimates based on field
measurements (White et al., 1996).  Few field measurements
are available, and most of those are on silicate soils.  Almost no
field measurements exist for deep vadose zone materials or for
rocks in the saturated zone.

The uranium-series (U-series) isotope system can be used
to measure reaction rates in aquifers and thick vadose zone
e n v i ronments. This approach is based on α- recoil of 2 3 4T h
atoms across grain boundaries, which enriches the pore fluid in
2 3 4U.  Dissolution of the solid phase releases mainly 2 3 8U to the
p o re fluid, so that the 2 3 4U /2 3 8U ratio of the pore fluid is a
m e a s u re of the local ratio of the dissolution uranium flux to the
α- recoil flux (Tricca et al., 2001; DePaolo et al., 2003 submitted).
The in situ reaction rate can be calculated from measurements of
the 2 3 4U /2 3 8U isotopic ratio of interstitial fluids and solid phas-
es, if the α- recoil flux can be estimated independently.

APPROACH
Uranium isotopes were measured for bulk sediment, sedi-

ment size fractions, pore fluids, the exchangeable fraction, and
selected mineral phases of a 70 m vadose zone core at the
Hanford Site, Washington, to estimate the mineral weathering
rates and understand uranium distributions in the vadose
zone. These measurements were performed using a
Micromass IsoProbe multicollector ICP-MS at the Center for
Isotope Geochemistry. A reactive transport model, aimed at
comparing the U-series kinetics to those predicted by a multi-
component thermodynamic model, is being constructed to fur-
ther evaluate the results.

ACCOMPLISHMENTS
The measured 234U/238U ratios for the vadose zone core

yield weathering rates that are in general agreement with esti-
mates based on other methods: approximately 10-6.4 yr-1

(Figure 1).  These are the first measurements of uranium iso-
tope compositions of the vadose zone pore waters and solid
phases, and the first attempt to use these measurements to esti-
mate weathering rates in the vadose zone. 

SIGNIFICANCE OF FINDINGS
This study is the first to quantify reaction kinetics in the

vadose zone. Perhaps the most significant
contribution of this work is the develop-
ment of an in situ method for determining

p recipitation/dissolution rates that, when coupled with
other geochemical data, may help to decipher the mecha-
nisms that control weathering in natural systems.
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Figure 1. (a) U isotope data from the 299-W22-48 core, Hanford,
Washington. (b) Comparison of estimated weathering rates
derived from Sr and U isotope studies.
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